A polyvinyl-alcohol-degrading marine bacterium was isolated from plastic rope litter found in Tokyo Bay, Japan. The isolated strain, Zumi 95 T , was a Gram-reaction-negative, non-spore-forming and facultatively anaerobic chemo-organotroph. The major respiratory quinone was Q-10. The predominant fatty acids were C 18 : 1 v7c and C 16 : 0 . On the basis of 16S rRNA gene sequence analysis, the isolated strain was closely affiliated with members of the genus Thalassospira in the class Alphaproteobacteria. The DNA G+C content of the novel strain was 55.1 mol%. The hybridization values for DNA-DNA relatedness between this strain and four reference strains representing species of the genus Thalassospira were significantly lower than that accepted as the phylogenetic definition of a species. On the basis of differences in taxonomic characteristics, the isolated strain represents a novel species of the genus Thalassospira for which the name Thalassospira povalilytica sp. nov. (type strain Zumi 95
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Polyvinyl alcohol (PVA), a water-soluble synthetic polymer, has excellent film forming, emulsifying and adhesive properties. It is also resistant to oil, grease and solvents. On the basis of these versatile properties, PVA has been widely used, especially in fabric and paper sizing, fibre coating, adhesives, emulsion polymerization, and films for packing and farming. PVA may be the only biodegradable polyvinyltype synthetic polymer. A variety of micro-organisms such as members of the genera Pseudomonas, Sphingomonas and Sphingopyxis, able to assimilate PVA, have been reported (Kawai & Hu, 2009 , 2002; Liu et al., 2007; Kodama et al., 2008; Zhao et al., 2010) . However, there has been no report that members of the genus Thalassospira decompose PVA. In this paper, we describe the results of taxonomic studies of one of the PVA-degrading isolates, strain Zumi 95 T , which is affiliated with the genus Thalassospira.
Various samples (garbage, mud, dead organisms) collected in the sea were mixed with sterilized artificial seawater (ASW; 16 ASW consisted of 2.75 % NaCl, 0.07 % KCl, 0.54 % MgCl 2 . 6H 2 O, 0.68 % MgSO 4 . 7H 2 O, 0.14 % CaCl 2 . 2H 2 O, 0.02 % NaHCO 3 ) (Miyazaki et al., 2008) by vortexing, after which the samples were allowed to stand still for 10 min. The supernatant underwent enrichment culture in PVA-degrading medium that contained 0.1 % PVA (Kuraray), 0.01 % yeast extract, 0.02 % NH 4 NO 3 and 1 p.p.m. pyrroloquinolone quinone, diluted with ASW and incubated at 25 u C. PVA degrading ability was measured with the iodine titration method of Finley (1961) . Sphingopyxis sp. strain 113P3 was used as a PVA decomposition standard strain (Hu et al., 2007) . The culture solution with degrading activity was diluted and spread onto a PVAcatalase plate (PVA-degrading medium with 5 units catalase per 20 ml, 1.5 % agar) (Tokiwa et al., 2001) (Liu et al., 2007) , Thalassospira tepidiphila JCM 14578 T (Kodama et al., 2008) and Thalassospira xianhensis JCM 14850
T (Zhao et al., 2010) were used as reference strains. These bacteria maintained on Marine agar 2216 (MA; Difco) plates or in Marine Broth 2216 (MB; Difco) were incubated aerobically for 2 or 3 days at the optimum temperature and stored at 280 u C in 15 % (v/v) glycerol. Unless otherwise indicated, the physiological tests were performed with a slight modification (use of ASW) of the general procedures described by Barrow & Feltham (1993) and Baumann et al. (1972) . The effect of temperature, NaCl concentration and pH on cell growth was determined by examining the time-course of optical density (temperature gradient incubator with a bio-photorecorder, model TVS126MA; Advantec). Growth at 5-50 u C was tested in MB. Cell growth was observed at 8 to 46 u C (optimum 43 u C), but not above 50 u C. Growth at various NaCl concentrations was examined in Luria-Bertani (LB) medium [1.0 % (w/v) tryptone (Difco), 0.5 % (w/v) yeast extract (Difco)] in the presence of 0-15 % (w/v) NaCl and incubated at 40 uC. Cell growth was observed at NaCl concentrations of 1 to 12 % (optimum 3-4 %), but not with less than 0.5 % or more than 15 % NaCl. Growth at various pH values (pH 5.0-10.0 in increments of 0.5 pH units) was measured in 3 % NaCl LB medium incubated at 40 uC. Cell growth was observed at pH 5.5 to 9.0 (optimum pH 7.0), but not at pH 5.0 or at greater than pH 9.5.
Acid production from sugars was assessed using modified OF medium (Hugh & Leifson, 1953) containing ASW, 0.05 % (NH 4 ) 2 SO 4 , 0.01 % yeast extract (Difco), 0.05 % Tris, 1 % test sugar and 0.003 % bromothymol blue (pH adjusted to 7.2 at 20 u C) with incubation at optimum temperature. Oxidase activity was determined by spreading cell pellets on oxidase test paper (Nissui Pharmaceutical). Hydrolysis of gelatin, casein, starch, Tweens 40 and 80, chitin and aesculin was evaluated on MA plates using substrate concentrations of 1 % (w/v). DNase activity was assessed using DNase test agar (Difco). Hydrogen sulfide production from thiosulfate and the production of indole were assessed using sulfide indole motility agar (Nissui Pharmaceutical) stabs prepared with 0.56 ASW instead of water. The capacity of strain Zumi 95 T to degrade anthracene and phenanthrene was tested in polycyclic aromatic hydrocarbon (PAH)-degrading medium that contained 0.1 p.p.m. PAH, 0.01 % yeast extract, 0.02 % NH 4 NO 3 and 1 p.p.m. pyrroloquinolone quinone, diluted with ASW. Duplicate aliquots of the medium (10 ml) were prepared in 50 ml vials, inoculated with cells and sealed with Tefloncoated butyl rubber septa and screw-type caps, and then incubated at 40 uC with shaking. Aliquots of noninoculated medium were incubated similarly and served as controls. After incubation for 10 days, to extract PAH, 1 ml of ethyl acetate was added to 1 ml of the culture in a 2 ml tube and mixed for 10 min. After centrifugation (2000G, 10 min), 500 ml of ethyl acetate containing the PAH was transferred to a fresh tube and dried in a rotary evaporator. The dried residues were then dissolved in 100 ml methanol for HPLC analysis (Zhao et al., 2009 ).
Susceptibility of the strain to antibiotics was tested by using MA and 6 mm sensitivity discs (Becton Dickinson), according to the manufacturer's instructions (incubation at 35 u C for 24 h).
The cells of strain Zumi 95
T were curved rods, 0.4-0.6 mm wide and 1.5-2.0 mm long, Gram-reaction-negative, facultatively anaerobic, non-spore-forming and motile by means of single polar flagella. Colonies were yellowish in colour, smooth, circular and 2.0-4.0 mm in diameter after 3 days of incubation at 25 u C on MA. Strain Zumi 95 T could degrade PVA, anthracene and phenanthrene. Detailed results from the phenotypic and biochemical tests are given in the species description and shown in Tables 1 and S1 (available in the online Supplementary Material).
Chromosomal DNA was purified using the phenol extraction method (Saito & Miura, 1963) . The DNA G+C content was determined using reversed-phase HPLC (Tamaoka & Komagata, 1984) . The 16S rRNA gene sequence of strain Zumi 95
T was obtained by direct sequencing of PCRamplified DNA as described previously (Uchida et al., 2012) . The resulting 16S rRNA gene sequence (1452 nt) of strain Zumi 95
T was compared with available 16S rRNA gene sequences from the DDBJ using the BLAST program (http:// blast.ddbj.nig.ac.jp/blastn?lang=ja) to determine an approximate phylogenetic affiliation, and gene sequences were aligned with those of closely related species using the CLUSTAL X software program (Thompson et al., 1997) . In addition, sequence similarity values between the novel strain and other related organisms were calculated using the GENETYX-MAC program version 17.0.2 (SDC Software Development). Phylogenetic trees were reconstructed using three different methods, the neighbour-joining (NJ), maximumlikelihood (ML) and maximum-parsimony (MP) algorithms, which are available in MEGA 5.2 software (Tamura et al., 2011) . Bootstrap analysis to evaluate the stability of phylogenetic trees was performed by obtaining a consensus tree based on 1000 randomly generated trees (Felsenstein, 1985) .
The NJ tree of 16S rRNA gene sequences, which was also supported by the ML and MP methods, showed that the isolates were members of the genus Thalassospira (Fig. 1) . The 16S rRNA gene sequence of strain Zumi 95 T showed the highest similarities to strain Thalassospira profundimaris WP0211 T (99.4 %), Thalassospira tepidiphila 1-1B T (99.1 %), Thalassospira xianhensis P-4 T (98.8 %), Thalassospira xiamenensis M-5 T (98.4 %) and Thalassospira lucentensis QMT2 T (95.5 %). The generally recommended and accepted criteria for delineating bacterial species state that strains with a DNA-DNA relatedness of less than 70 % as measured by hybridization or with 16S rRNA gene sequence dissimilarity greater than 1 % are considered to belong to separate species (Stackebrandt & Ebers, 2006) . For analysis of relatedness, DNA-DNA hybridization was carried out at 40 u C for 3 h and measured fluorometrically using the method of Ezaki et al. (1989) . The DNA-DNA hybridization values between strain Zumi 95 T and these type strains were less than 36.1±4.0 % (means±SD, n54) (shown in Table S2 ), and therefore strain Zumi 95
T was identified as representing a novel species. Concurrently, a close genomic relationship between Thalassospira profundimaris and Thalassospira tepidiphila was observed. The type strains of these two species showed 79.6±5.9 % or 69.4±5.1 % DNA-DNA relatedness (Table S2) . Kodama et al. (2008) described the similarity of 16S rRNA gene sequences and DNA-DNA hybridization of Thalassospira profundimaris and Thalassospira tepidiphila as 99.8 % and 50.7±17.2 %. These two species are considered novel species by the differences in phenotypic properties, although their genotypes are very similar. From our results, there is a strong possibility that these two species are the same species.
Cellular fatty acids and isoprenoid quinones extracted from the newly isolated strain and reference strain cells were cultured in MB at optimal temperatures to the late exponential growth phase. Cells were washed twice with 0.7 % NaCl at 4 u C. The fatty acids of these strains were obtained from cells by saponification, methylation and extraction according to the Sherlock Microbial Identification System (MIDI, 1999). Fatty acid compositions were determined using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium flow of 1.5 ml min 21 and an oven temperature programme increasing from 140 u C (5 min) to 280 u C (5 min) at 4 u C min
21
. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1) from dried cells (200 mg), purified by TLC and analysed using reversedphase HPLC according to the methods described previously (Miyazaki et al., 2006) . Standard quinones (Q-6, Q-7, Q-9, Q-10) were obtained from Sigma Chemical Co.
The whole-cell fatty acid compositions of the isolated strain, Zumi 95 T , and reference strains are shown in Table  S3 . The fatty acids making up more than 5 % of the total in strain Zumi 95 T were C 18 : 1 v7c (64.6 %), C 16 : 0 (14.2 %) and C 16 : 1 v7c (5.3 %). The predominant fatty acids of strain Zumi 95
T were similar to those of other recognized species of the genus Thalassospira, although the proportions were different.
On the basis of the phenotypic, genotypic and phylogenetic data, it is logical to conclude that the PVA-degrading Kodama et al. (2008) , Liu et al. (2007) and Zhao et al. (2010) . DValues are mean±SEM (n53).
Thalassospira povalilytica sp. nov.
isolate we studied is a member of the genus Thalassospira and that it represents a novel species within this genus. We propose the name Thalassospira povalilytica sp. Cells are curved rods; cell width ranges from 0.4 to 0.6 mm, and cell length ranges from 1.5 to 2.0 mm. Cells are Gramreaction-negative, facultatively anaerobic chemo-organotrophs and motile by means of single polar flagella. Colonies on MA are circular, smooth, convex, slightly yellow and 2 to 3 mm in diameter after 2 days of incubation at 43 u C. The temperature range for growth is 8 to 46 u C (optimum 43 u C). No growth occurs at temperatures higher than 50 u C. Optimal growth occurs at NaCl concentrations of 3-4 %, and cells are able to grow with 12 % NaCl in LB medium. No growth occurs at a NaCl concentration of less 0.5 %. The optimal pH is 7.0, and the pH range at which growth occurs is pH 5.5 to 9.0. Catalase and cytochrome oxidase are positive. Cell surface structure enhancing uptake of polyvinyl alcohol (PVA) is 
